Purpose: To evaluate the association between chronological age and mineralization of third molar teeth in a sample from the Northeast region of Brazil.
Introduction
As the biological or chronological age of a human being does not correspond directly to the real stage of body development, other parameters have been investigated for this purpose, such as dental, bone or skeletal age, mental age, secondary sexual characteristics, height and weight (1). Information about normal growth and development are objective records of the maturational status of the body at a certain time (2). These questions are of great importance in forensic dentistry (3, 4) , in orthopedics and orthodontics, and in the research of the circumpuberal growth spurt (5). For example, forensic dentistry employs specific methods to estimate the chronological age yielding results that more accurate than other medical estimates, since the dental elements are more susceptible to the nutritional, hormonal and pathological alterations in children (3, 6, 7) . The appearance of ossification centers and tooth formation may vary according to ethnic and socioeconomic factors and due to considerable genetic variations (2). The findings by Carvalho et al. (2) and Saliba et al. (4) showed that Brazilian female subjects presented earlier development of permanent teeth than male subjects, whereas Sisman et al. (8) found the opposite results. Olze et al. found significant differences in the degree of mineralization of the third molars between Germans and Japanese (9) and between Germans and subjects from South Africa (10), and they concluded that the degree of mineralization could be used to determine the age of unidentified persons and skeletons. Some European countries have experienced an increasing movement of migration over the last years due to the globalized economy and armed conflicts. Some persons do not know their age or deny their true age, and this problem has required studies on investigating the chronological age of these individuals by the stages of calcification of the third molar teeth (9). In Brazil there is great diversity of ethnic influences in the population, and the degree of dental calcification of the third molars could be an auxiliary tool to estimate chronological age (12) . Previous studies investigated dental calcification and chronological age in Brazil (1,2,12-16), but no data are available from the Northeast region where the population has a history of ethnic mixture among native Indians, European and African groups for centuries. Therefore, the aim of this study was to evaluate the association of chronological age and degree of calcification of the third molars in a sample from the Northeast region of Brazil, using panoramic radiographic images.
Methodology
This study was approved by the Centre of Health Sciences Ethics Committee of the Federal University of Paraíba, in João Pessoa, PB, Brazil. A total of 2,442 digitized panoramic images were obtained over a period of 6 months at a private dental radiology service in the city of João Pessoa, PB, Brazil, and screened according the following inclusion criteria: subjects born in the state of Paraiba; age range between 5.5 and 21 years old; no restriction of ethnicity or gender. The exclusion criteria were: history of extraction of permanent tooth; history of trauma to the bones of the face; presence of any dental developmental disorders and history of systemic diseases. According to the elegibility criteria, 173 panoramic radiographic images were selected to compose the study sample. All the panoramic radiographs were taken with the X-ray equipment Rothograph Plus ® (Dabi Atlante Ltda., Ribeirão Preto, SP, Brazil) operating at 13 s, 10 mA and a kV according to the patient. T-mat, size 12.7×30.5 cm films (EastmanKodak Co., Rochester, NY, USA) were used. After exposure, the films were processed manually by the temperature/time method using Kodak solutions (Eastman Kodak, Rochester, USA). The radiographs were digitized with a resolution of 300 dpi, in tiff format using a scanner (Hewlett-Packard, USA) with a transparency screen. All the images were exported and randomly evaluated in a dark room by a trained radiologist using the Windows ® Image and Fax Viewer. The modified classification proposed by Demirjian et al. (17) was used ( Fig. 1) to analyze the degree of calcification. Stage 0, defined as the crypt stage without presenting any sign of calcification of the tooth germ, was added to the Demirjian classification. A maximum of 10 images per day were evaluated, and the stage of development recorded on a standardized spreadsheet. To evaluate the relationship between age, Demirjian stage of calcification, gender and type of tooth, an adjusted multiple linear regression model was used, considering age as a variable response. In all the tests, the level of significance of 0.05 was adopted. Statistical analysis was performed using Stata 9.2 and Minitab 15 softwares.
Results
Of the 173 images, 52% were from male and 48% from female subjects. Table 1 shows the mean age for each third molar tooth in the eight Demirjian stages of calcification. The Dermirjian stage of calcification was found to be significantly associated with age, presenting a significant mean increase of 15.9 months between two consecutive stages ( Fig. 2 and Table 2 ). With regard to the type of third molar tooth, there was no significant difference between the mean age of each third molar tooth for all stages of calcification. Therefore, the same equation could be established for all third molars to determine the chronological age: Age = 98.1+15.9 Demirjian stage When evaluating the influence of sex on the development of third molar teeth ( Fig. 3 and Table 3 ), there was no significant difference in the calcifications stage of third molar teeth between male and female subjects. The development of third molar teeth on the right and left sides was similar in the majority of the Demirjian stages. 
Discussion
Methods based on the stages of tooth formation are shown to be more accurate for estimating biological age than those based on other developmental indicators (1, 12, 14) . When dental radiographs can be used, the method of choice for estimating age in young individuals is the analysis of the different stages of mineralization of the teeth (3). The panoramic radiograph is the preferred instrument to assess the stages of dental calcification (1, 8, 12, 19) , enabling a broad view of the tooth and facial bones (12) . The present study used the classification of the stages of mineralization proposed by Demirjian (17) often used worldwide (5) (6) (7) (8) (9) (10) (11) (18) (19) (20) . Nevertheless, the Demirjian classification does not cover the crypt stage of tooth development. Thus, the present study used a modification of the original Demirjian classification system adding a Stage 0 to indicate the crypt stage of tooth development.
This study found no significant difference in the mean ages of the mineralization stages as previously shown in other populations (14, 20) . However, other studies found earlier development of teeth for the female gender (1, 2, 4, 10, 13) and others for the male gender (6, 8, 19) . The results of the present study suggest that the absolute velocity in the increment of mineralization of the teeth is equal between the sexes, and the small difference in dental growth of patients of the female sex is probably due to the smaller size of the tooth, which was previously discussed by Ferreira Junior et al. (14) . Considering possible differences in mineralization of third molars in relation to the mouth side and dental arch, no significant differences were found, similarly to previous reports (4, 10, 19, 20) . The development of third molars in terms of presence, formation, mineralization and position is unpredictable and has great variation in the population (12, 13) . Nevertheless, it seems to be possible to use the dental age of third molars as measured by the Demirjian classification (17) to determine the age category of subjects in complex populations with many ethnic groups (5, (7) (8) (9) (10) 19, 20) . A variety of studies have been conducted to determine the stages of mineralization of third molars and their relationship with chronological and bone age by ethnic group and sex (4, 5, (7) (8) (9) (10) 12, 14, 19, 20) . The sample in the present study had a mean age of 9 years old for stage A, but other studies reported stage A values of 12 years old for Turkish subjects (8) and 6 years old for Spaniards (7). For stage H, the present study found a mean age of 19 years old, while in Germans and the Japanese (9), Africans (10) and Turkish subjects (8), the mean age for stage H was higher than 21 years old. It is important to study the mean age for the degrees of calcification of third molar teeth in the different regions of Brazil, since the results were different in at least one of the teeth studied in comparison with the literature. Calcification tables to estimate chronological age should be used as an auxiliary tool to investigate human characteristics within the ethical standards and professional good practice. Since physical and developmental characteristics vary greatly among the population groups in many regions of Brazil and the world (4), it is important to adopt a reliable and validated tool to study the chronological age by the mineralization of teeth in different populations.
Conclusions
Within the limitations of the present study, it can be concluded that:
• Third molars present similar development regarding sex, type of molar and dental arch; • It is possible to estimate the age of a patient from 5.5 to 21 years old according to the stages of calcification of the third molar teeth.
